Abstract
Inc., Canada) connected the reactor with the medium container at the inlet port and with a 159 sterile, cooled (4 o C), effluent collection vessel at the outlet port (see Figure S1 ). To prevent 160 contamination, the connection tubing and the reactor were sterilized for 2 hours with 0.6% 161 sodium hypochlorite and washed overnight with sterile water before each experiment. A 60 o C 162 sealed water bath, continuously purged with nitrogen gas was used for reactor heating.
163
Unidirectional flow at 10 mL/h from the medium container to the effluent vessel was maintained which is an order of magnitude higher than the bacterium's specific growth rate (≤0.16 h -1 ).
172
Two experimental conditions were investigated: low cellulose loading (LCL) and high cellulose Borisilicate glass fiber filters (Sterlitech Corporation, WA, United States).
182
Total biomass and cellulose in effluent samples were determined using elemental carbon Carbon balance calculations. Hydrolyzed cellulose (C hydrolyzed ) was calculated based on:
and the average rate of hydrolysis was normalized to incubation time.
226
Metabolized cellulose (C metabolized ) was based on: occasionally observed at the solid-liquid interface ( Figure 1D ). On further inspection, biofilms 
252
Substrate colonization and cell detachment.
253
To investigate cell detachment with respect to substrate surface area limitations, separate declined over time.
274
Carbon flow in C. thermocellum biofilms.
275
Substrate loading and medium consumption was compared between the typical batch 276 fermentor (23) and the continuous flowcell reactor used in this study (Table 1) . Culture 277 performance was also compared between reactors with lower (LCL) and higher (HCL) starting 278 cellulose concentration, respectively. In the later, medium consumption was low and the 279 average rate of hydrolysis was considerably higher (Table 1) ; however, the percentage of 280 hydrolysate lost from the biofilm-substrate interface also significantly increased.
281
Carbon partitioning within the two experimental treatments is summarized in Table 2 . On 
Discussion

289
Biofilm structure and growth.
290
The development of C. thermocellum biofilms on cellulose, as observed in this study, proceeds collapse is followed by the sharp increase in the release of cells to the bulk liquid phase (9).
350
The correlation between cell life-cycle events (i.e., division, sporulation) and detachment from was used to drive or to impede the biofilm's advance to new attachment sites ( Figure 3B ).
360
Sporulation.
361
In batch cultures of strain JW20, sporulation occurs in the late logarithmic phase as a response it is yet unknown if the species-specific AIP-QS is functional or controlled by the agr operon. breakdown. An in-depth analysis of these correlations is the subject of on-going research. The loss of sugar from the biofilm layer can be expected from an ecological perspective, as 
457
The primary carbon metabolites measured were ethanol, acetic acid, lactic acid and carbon 458 dioxide. A significant difference was observed only for acetic acid production, which increased was 0.15 μm, and optical resolution was calculated at 178 nm using the Rayleigh formula.
625
Cells stained with SYTO 9, cellulose with WGA-TRITC. 
